Modulation of lipid fluidity likely contributes to the fructose/xylitol-induced acceleration of epidermal permeability barrier recovery.
We previously showed that topical application of hexoses such as fructose accelerates barrier recovery after disruption. We also showed that various hexoses and polyols interact with phospholipid and alter the phase transition temperature. Thus, we hypothesized that the improvement of barrier recovery by hexoses and polyols might be related to the interaction with phospholipid. Here, we tested this idea by examining the effects of xylitol (a component of some skin-care products) and fructose on lipid dynamics in an epidermal-equivalent model at the single-cell level by means of two-photon microscopy after staining with Laurdan, a fluorescent dye sensitive to the physical properties of its membrane environment. First, we confirmed that topical application of xylitol aqueous solution on tape-stripped human skin accelerated barrier recovery. Then, we examined changes of lipid fluidity in the epidermal-equivalent model after application of water or an aqueous solution of xylitol or fructose. Application of xylitol and/or fructose increased the lipid fluidity in the uppermost part of the stratum granulosum layer, compared to treatment with water alone, and accelerated the exocytosis of lamellar bodies to the intercellular domain between stratum corneum and stratum granulosum. Our results support the idea that the improvement of epidermal barrier homeostasis upon topical application of xylitol or fructose is due to increased lipid fluidity in the uppermost layer of the stratum granulosum, which enables accelerated release of lipid from the stratum granulosum, thereby improving the lamellar structure and accelerating epidermal permeability barrier recovery.